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Thanks Monica! This brings to mind the question about whether these species, or similar species,
serve as hosts for heelsplitter glochidia. Are these studies pertinent to the potential of this particular
mussel’s survival? The attached studies seem to suggest their host to be only the freshwater drum.
From Roe et al.: “While all species of unionids do not appear to be host-specific, the genus Potamilus
parasitizes the freshwater drum (Aplodinotus grunniens) almost exclusively (Surber, 1913; Wilson,
1916; Cummings et al., 1990).”
From Brown and Daniel: “The Freshwater Drum (Aplodinotus grunniens), the fish host of the Inflated
Heelsplitter, was the 17th most abundant out of 44 fish species sampled in the Amite River. Its
relatively rare host fish, anthropomorphic disturbances from upstream gravel mining, or increased
urbanization of the watershed may be important in explaining the threatened status of the Inflated
Heelsplitter.”
I’ve seen one reference to a paper that says that the drum is also sensitive low DO, but it wasn’t
specific to a particular concentration.
Mike Schaub
Water Quality Standards Program
Water Division
US EPA Region 6-Dallas
214-665-7314
From: Sikes, Monica <monica_sikes@fws.gov> 
Sent: Friday, November 8, 2019 8:43 AM
To: Schaub, Mike <Schaub.Mike@epa.gov>
Cc: Brigette Firmin <brigette_firmin@fws.gov>; Trahan, Amy <amy_trahan@fws.gov>
Subject: Re: [EXTERNAL] heelsplitter study by Powell
Mike, I did a little asking around and talked to Jeff Powell about getting these papare (actually the
thesis was on the link - I just missed it. I have attached it her anyway. See if these help. As far as I can
tell, this was what I was referring to during our conversation. have a good weekend, Monica
-----------------------------------------
Monica Sikes
Fish and Wildlife Biologist
U.S. Fish & Wildlife Service
Louisiana Ecological Services
Mississippi-Basin Region
200 Dulles Drive
Lafayette, LA 70506
337-291-3118 (office)
337-291-3139 (fax)
https://www.fws.gov/southeast/lafayette
NOTE: This email correspondence and any attachments to and from the sender are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.
"I have not failed. I have just found 10,000 things that do not work." Thomas Edison
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 Identification of a Fish Host of the Inflated Heelsplitter
 Potamilus inflatus (Bivalvia: Unionidae) with a Description of


 Its Glochidium


 KEVINJ. ROE'


 ANDREW M. SIMONS


 Aquatic Biology Program, Department of Biological Sciences, University of Alabama, Box 870344,
 Tuscaloosa 35487-0344


 AND


 PAUL HARTFIELD


 U.S. Fish and Wildlife Service, Endangered Species Office, 6578 Dogwood View Parkway Suite A,


 Jackson, MS 39213


 ABSTRACT.-A survey of the fishes of the Black Warrior River was undertaken to determine


 fish host(s) of the federally threatened inflated heelsplitter, Potamilus inflatus. Seven hun-
 dred-twenty individual fishes representing 30 species were examined; mussel glochidia were


 found on 10 individual fishes representing nine species. Potamilus inflatus glochidia were
 only found infesting one freshwater drum (Aplodinotus grunniens), which is concordant with


 previous findings for the genus Potamilus. The morphology of P inflatus glochidia is de-
 scribed and compared to P purpuratus.


 INTRODUCTION


 Potamilus inflatus is a federally threatened mussel that inhabits large rivers in the south-
 eastern United States (U.S. Fish and Wildlife Service, 1992). The historical range of P


 inflatus has decreased markedly in the last decade prompting concern over the conserva-
 tion status of this organism. Historically, the inflated heelsplitter was known from the Amite


 and Tangipahoa rivers in Louisiana, the Pearl and Tombigbee rivers in Mississippi, and the


 Black Warrior, Coosa and Tombigbee rivers in Alabama (Hurd, 1974; Stern, 1976; Hartfield,
 1988). Presently it is limited to the lower and middle reaches of the Amite and Pearl rivers


 in Louisiana and in the Black Warrior River between the Demopolis Lock and Dam up-


 stream to the Oliver Lock and Dam in Alabama (U.S. Fish and Wildlife Service, 1992).


 Little is known about the natural history of P inflatus-, however, such information is critical
 to effective conservation and species management.


 Reproduction of mussels in the family Unionidae differs from other bivalves. Before fer-
 tilization the eggs pass into the suprabranchial chamber and then into the water tubes of


 the gills where they are fertilized (Pennak, 1989). The developing embryos are retained in


 the marsupium, a modified portion of the gill (Thorpe and Covich, 1991). Members of the


 genus Potamilus are long-term breeders; the eggs are fertilized in the summer and the


 embryos are not released for almost a year (Heard and Guckert, 1970). A critical stage in
 the development of all unionid mussels is the attachment of the glochidium larvae on a


 suitable fish host. After attachment to a host, the glochidium is encysted as the tissue of


 the fish grows to cover it (Pennak, 1989). During this stage the juvenile mussels of some


 ' Author to whom correspondence should be addressed, Voice: (205) 348-0380 Fax: (205) 348-1786
 e-mail: kroe@biologyas.ua.edu


 48


This content downloaded from 204.46.39.208 on Thu, 07 Nov 2019 18:14:25 UTC
All use subject to https://about.jstor.org/terms







 1997 ROE ET AL.: HEELSPLITTER's HOST 49


 species develop their adult shell and anatomy (Surber, 1912, 1913, 1915; Cummings et al.,
 1990) that will enable them to begin life as a filter-feeding member of the benthic com-
 munity. While all species of unionids do not appear to be host-specific, the genus Potamilus
 parasitizes the freshwater drum (Aplodinotus grunniens) almost exclusively (Surber, 1913;
 Wilson, 1916; Cummings et al., 1990). A single exception was reported by Surber (1913)
 who found glochidia of P ohiensis on white crappie (Pomoxis annularis).


 The objective of this study was to identify the fish host(s) of Potamilus inflatus. Such
 information may prove useful in management and recovery of the species, as unionids are
 dependent upon their fish hosts during a critical period of their natural history. Two species
 of Potamilus (P inflatus and P purpuratus) are present in the Black Warrior River. All
 described glochidia of Potamilus can be distinguished from those of other unionids by their
 axe-head shape (Hoggarth, 1988). However, the glochidium of P inflatus have not been
 previously described. In order to facilitate the identification of these taxa, we describe the
 glochidium of P. inflatus and compare it to the glochidium of P. purpuratus.


 METHODS


 Ten collections of fishes were made twice a week between 27 June and 28 July 1995 in
 the Black Warrior river at 12 Mile Rock, (river mile 327.3), Tuscaloosa Co., Alabama. A
 single collection was made at Choctaw Bend, Greene Co., Alabama, below the Warrior Dam
 (between river mile 262 and 261) on 14July 1995. These sites were selected because those
 portions of the river were known to contain populations of Potamilus inflatus (Williams et
 al., 1992). Several collection methods were employed including gill netting, seining and
 hook and line. Fishes were preserved in a solution of 10% formalin and examined for
 glochidia on the fins and gills with a dissecting microscope. Gills harboring glochidia were
 isolated and placed in a solution of 70% ethanol for later identification using a compound
 microscope. Glochidia were identified based on their morphology as described in the fol-
 lowing section. Common and scientific names of fishes follow Robins et al. (1991). Previous
 surveys by one of us (PH) indicated that glochidia release occurred between June and July.
 A preliminary survey on 27 June 1995 of adult P. inflatus at 12 Mile Rock indicated that
 female P inflatus were releasing glochidia. This was determined by opening the valves
 slightly by hand and visually inspecting the marsupium. Several of the female mussels ex-
 amined had partially discharged water tubes, indicating they were in the process of releasing
 glochidia. To increase the likelihood of collecting fish infested with P. inflatus glochidia,
 we concentrated our efforts in this area. No attempt was made to identify the other glo-
 chidia found during this study, other than to confirm they were not P inflatus.


 A single female Potamilus inflatus was collected during the preliminary survey on 27June
 and maintained in an aquarium with river water and sediment until it had released its
 glochidia. Glochidia were recovered from the substrate with an eye-dropper. Potamilus pur-
 puratus glochidia were obtained from a preserved female specimen collected on 30 June
 1993 from the Cahaba River, Bibb Co., Alabama. Measurements of 10 glochidia of each
 species were made with an ocular micrometer. Glochidia height is defined as the greatest
 distance between the dorsal and ventral margins; dorsal length is defined as the greatest
 length between the anterior and posterior edges along the dorsal margin, and ventral length
 is defined as the greatest distance between the anterior and posterior edges along the
 ventral margin. Glochidia were prepared for scanning electron microscopy (SEM) following
 procedures outlined in Hoggarth (1988). The features identified using SEM were subse-
 quently used to identify glochidia encysted in gill tissues. Gill tissue containing glochidia
 was prepared by partial clearing in a solution of 10% trypsin and sodium borate. The
 prepared tissue was examined and the glochidia identified using a compound microscope.
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 FIG. 1.-Light micrograph of Potamilus infiatus larvae encysted in gill filament of Aplodinotus gTun-
 niens. Bar = 0.20 mm


 RESULTS


 A total of 720 fishes representing 30 species were collected and examined for glochidial
 infestation (Table 1). The number of fish species examined represented 61 % of those
 reported by Mettee et al. (1989) between the Oliver Lock and Dam and the Warrior Lock
 and Dam. Ten of the 720 specimens were infested with glochidia and one of the 37 speci-
 mens of Aplodinotus gTunniens (collected 10 July 1995) was infested with 12 glochidia iden-
 tified as Potamilus inflatus. All glochidia were attached to or encysted in the gills; no glo-
 chidia were observed on the fins of any fishes examined (Fig. 1).


 Description of glochidia.-The glochidia of Potamilus purpuratus and P infiatus were readily
 distinguishable from each other. The glochidia of P infiatus are small, with a mean height of
 0.188 mm (SD = 0.01 mm, range = 0.180-0.234 mm) and axe-head shaped (Fig. 2a,b). The
 dorsal margin is straight, withi a mean length of 0.070 mm (SD = 0.008 mm, range = 0.054-
 0.081) and the ventral margin is curved with a mean length of 0.125 mm (SD = 0.020, range
 = 0.081-0.126 mm) Large lanceolate hooks are present on the anterior and posterior edges of
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 TABLE 1.-List of fishes' reported from the Black Warrier River between the William Bacon Oliver
 Lock and Dam and the Armisted I. Selden Lock and Dam (Mettee et al, 1989) with numbers of each
 species examined for this survey


 Species N Glochidia Species N Glochidia


 Lepisosteus oculatus 8 - Notropis atherinoides 13
 L. osseus N. candidus 75


 Amia calva N. edwardraneyi 213


 Alosa chrysochloris 17 - N. texanus 1
 Dorosoma cepedianum 49 - Opsopoeodus emiliae


 D. petenense 59 - Pimephales vigilax 47


 Esox niger Carpiodes cyrpinus 5


 Cyprfinella venusta 29 - C. velifer 11 +
 *Cyprinus carpio 1 - Ictiobus bubalus 2


 Hybopsis winchelli - Moxostoma erythrurum
 Macrhybopsis storeriana 9 - M. poecilurum
 Ictalurus furcatus 2 - Amieurus natalis


 I. punctatus 17 + Lepomis macrochirus 22 +
 Pylodictus oliva-ris - L. megalotis 36 +
 *Aphrododerus sayanus 1 - L. microlophus 21 +
 Strongylura marina 5 - L. punctatus


 Fundulus olivaceus - Micropterus punctulatus 20 +
 Gambusia affinis 1 - M. salmoides 1
 Labidesthes sicculus 2 - Pomoxis annularis 1
 Morone chrysops - P nigromaculatus
 *M. mississippiensis 14 + Percina shumardi


 M. chrysops X saxatilis 1 - P vigil
 Aplodinotus grunniens 37 +


 1 List includes fishes caught at Choctaw Bend on 14 July 1995: Cyprinella venusta (5), Notropis ath-
 erinoides (3), N. edwardraneyi (5), Ictalurus punctatus (1), Labidesthes sicculus (1), Lepomis macrochirus
 (1), L. megalotis (9), L. microlophus (4), Micropterus punctulatus (5), M. salmoides (1)


 * Indicates fishes not reported by Mettee et al., 1989


 both valves. These hooks extend more antero-posteriorly in P inflatus than in other congeners
 (Hoggarth, 1988). Between these large hooks are a variable number (5-7) of smaller bifurcate
 hooks. Micropoints are present on the ventral edge of both valves, with some extending onto
 the base of the smaller hooks. The micropoints are lanceolate and are loosely organized into
 vertical rows and the valves are equal in size with no lateral valve gape.


 The glochidia of Potamilus purpuratus are twice as large as P inflatus, averaging 0.371 mm
 in height (SD = 0.001 mm, range = 0.360-0.378 mm) and are elongate and strap-like (Fig.
 2c,d). The dorsal margin is straight, mean length = 0.108 mm (SD = 0.015, range 0.072-0.126
 mm) while the ventral margin is only slighdly curved, mean length = 0.201 mm (SD = 0.015,
 range = 0.180-0.220). Potamilus purpuratus glochidia possess large lanceolate hooks on the


 anterior and posterior margins of the valves, oriented at nearly a right angle to the antero-


 posterior plane and lack the smaller bifurcate hooks found on P inflatus. Micropoints are also
 present on the ventral margins of both valves and are organized into vertical rows. The valves
 are unequal ventrally with one side fitting within the other. A large lateral valve gape is present.


 The Potamilus inflatus glochidia observed on the drum were well-encysted in the gill
 tissue of their host. All glochidia were located at or near the distal end of the gill filament.
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 FIG. 2.--Scanning electron micrographs of glochidia larvae. 2a,b medial and lateral views larvae of
 Potamilus inflatus. 2c,d medial and lateral views larvae of Potamilus purpuratus. Bar = 25 pLm


 The axe-head shape, large lanceolate hooks, and smaller hooks were present confirming
 that these were P. inflatus glochidia. In addition, the adult valves were clearly visible, ex-
 tending beyond the margins of the glochidial valves (Fig. 1).


 DISCUSSION


 The presence of metamorphosing Potamilus inflatus glochidlia encysted on a freshwater
 drum indicates that drum are a host for P. inflatus. Although female P. inflatus were actively
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 discharging glochidia when the study began, only one of 37 freshwater drum collected


 (2.7%) was infected with their glochidia. Low infection rates might be due to: (1) low
 numbers of host fish encountering gravid female P inflatus, (2) low numbers of gravid


 female mussels or (3) the reflection of normal infestation rates for this species. Freshwater


 drum are widespread and relatively common in the Black Warrior River (Mettee et al.,


 1989); however, freshwater drum may have habitat preferences that preclude their encoun-


 tering P inflatus and are therefore not locally abundant in stretches of the river inhabited


 by mussels. Swingle (1953) found a significant decrease in the abundance of freshwater


 drum following river impoundments, and hypothesized that flowing water was necessary for


 reproduction of the fish. The Black Warrior River is impounded above and below the


 section of the river where the gravid P inflatus were found, and this stretch exhibited little


 flow. Changes in the river flow due to impoundment may explain the low infection rates


 observed: drum do not frequent areas with low flow and are therefore unlikely to encounter


 the mussels and subsequently become infected.


 Mean densities of Potamilus inflatus in the Black Warrior River are low, although at some


 sites surveyed they were the dominant species of mussel (Miller et al., 1996). Values ranged


 from 0.5 individuals/100 m2 to 0.97 individuals/100 m2 depending on which substrate they


 were found (Miller et al., 1996). These densities might explain the low infestation rates


 found in this study. However, previously reported infestation rates for other species of Po-


 tamilus are comparable to those found in this study. Surber (1913) indicated that only 2%
 of the Aplodinotus grunniens in his survey were infested with the glochidia of P ohiensis.


 Weiss and Layzer (1995) studied glochidial infestations of the fishes of the Barren River,


 Kentucky, and found that 3% (n = 73) of drum were infested with glochidia of P alatus.
 In contrast, Cummings et al. (1990) documented a comparatively high infestation rate for


 P capax, where 75% of the A. grunniens collected were infected with glochidia of P capax.


 The low infestation rate of drum by Potamilus glochidia observed in this and other studies


 may be typical for this genus. Although Cummings et al. (1990) observed a much higher


 rate than we observed, we note that their sample size was small (n = 8) possibly biasing


 the observed infestation rate. Further investigations into the reproductive biology of this


 species are needed to determine what other factors may be influential in the low infestation


 rates observed in this and other studies.


 Acknowledgments.-We thank J. Nunley of the University of Alabama Electron Microscopy Laboratory


 for her assistance and C. Lydeard for reading several drafts of this manuscript. We also thank several


 anonymous reviewers for their comments.
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The Population Ecology of the Threatened Inflated
Heelsplitter, Potamilus inflatus, in the Amite River, Louisiana


KENNETH M. BROWN1
AND WESLEY M. DANIEL


Department of Biological Science, Louisiana State University, Baton Rouge 70803


ABSTRACT.—We quantitatively sampled the threatened Inflated Heelsplitter (Potamilus
inflatus) in the Amite River, Louisiana, U.S.A., and sectioned shells to study its life history, as
well as electrofishing the river to determine the relative abundance of its host fish. Inflated
Heelsplitters are currently limited to a 40 km stretch of the Amite River, east of Baton Rouge,
although they are also found in two rivers in northwest Alabama. Densities averaged 0.1 m22,
with an aggregated dispersion pattern, making them the sixth most abundant species out of
15 species found in quantitative samples. Inflated Heelsplitters mature after 1 y, live for 8 y,
and have a rapid growth rate (K 5 0.69/y). The average life span of eight other mussels in the
Amite River is 24 y, and average age at maturity is 3.6 y. Sexual dimorphism may occur in
Inflated Heelsplitters as it does in the related Bluefers (Potamilus purpuratus), with males
reaching larger sizes. Inflated Heelsplitters have an opportunistic life history strategy (Haag,
2012), which may be well adapted to flashy rivers and low population densities. It is however a
long term brooder, which has been linked to higher chances of extinction (Vaughn, 2012).
The Freshwater Drum (Aplodinotus grunniens), the fish host of the Inflated Heelsplitter, was
the 17th most abundant out of 44 fish species sampled in the Amite River. Its relatively rare
host fish, anthropomorphic disturbances from upstream gravel mining, or increased
urbanization of the watershed may be important in explaining the threatened status of the
Inflated Heelsplitter.


INTRODUCTION


Unionid Mussels are the most endangered freshwater organisms, with roughly three
quarters of the species in the United States considered in peril (Williams et al., 1993; Strayer,
2008). Risks include habitat loss or alteration, riparian development, disruption of host fish
dispersal by impoundments, pollution, and invasive species (Bogan, 1993; Williams et al.,
1993; Neves et al., 1997). Unionid mussels are particularly susceptible to habitat disturbances
because of relatively long life cycles, poor dispersal, sedentary adults, and a complex life
cycle (Vaughn and Taylor, 2000). Schwalb et al. (2011) suggested common mussels tend to
be large, use large host fish that disperse long distances, or use multiple host fish. However,
Vaughn (2012) argued that mussels with attraction displays had greater colonization rates,
while species reproducing less frequently or relying on fish like gar or Freshwater Drum that
dispersed long distances, had higher extinction rates. She considered impoundments as
likely to interfere with the movements of these more mobile fish.


The Inflated Heelsplitter, Potamilus inflatus (Lea, 1831), historically occurred in the
Amite, Tangipahoa, and Pearl Rivers in south-eastern Louisiana and the Tombigbee and
Black Warrior Rivers in Alabama (Stewart, 1993). However, in Louisiana, it is now restricted
to a 40 km stretch of the Amite River from Spiller’s Creek to Port Vincent (Hartfield, 1993;
Brown and Curole, 1997; USFWS, 2009) and was listed as threatened in 1991 (USFWS,
1991). Inflated Heelsplitters are found in soft substrates in low or moderate flows and have a
thin symphynote (winged) shell with increased surface area that evidently decreases their
chances of burial in soft sediments (Watters, 1994; Haag, 2012). The Amite River population
is under the dual threats of gravel mining in the northern portion of its range, which results
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in channel widening, braided flow, and bank destabilization that lead to higher stranding rates
of mussels (Hartfield, 1993; Brown and Curole, 1997), and increased urbanization of the
watershed in the lower portion of its range (Brown et al., 2010). Although considered conspecific,
as much genetic variation occurs between the Louisiana and Alabama populations of Potamilus
inflatus as occurs between other Potamilus species (Roe and Lydeard, 1998). Leptodea fragilis is
considered, based on molecular data, to be its sister clade. The Inflated Heelsplitter is considered
a long term brooder, holding embryos for almost a year (Roe et al., 1997). As some evidence
suggests, males reach larger sizes than females (Hartfield and Garner, 1995; Williams et al., 2008).
The host fish is the Freshwater Drum, Aplodinotus grunniens (Roe et al., 1997). Haag (2012)
considered Potamilus spp. and Leptodea to be ‘‘riverine lentic microhabitat specialists’’ that coexist
with other mussels by using littoral habitats with slower flows and softer sediments. Potamilus spp.
are larval broadcasters and are considered to have an ‘‘opportunistic’’ life history strategy
involving rapid growth, early maturity, high fecundity, and short life spans (Haag, 2012).


In this paper, we are interested in the following hypotheses: the threatened Inflated
Heelsplitter, compared to other common unionids in the Amite River, (1) has lower
densities, (2) has as predicted a more opportunistic life history, and (3) has a relatively rare
host fish and thus reduced chances of dispersal. We estimated densities of Inflated
Heelsplitters using quantitative sampling and compared them to densities of other common
unionids. We also estimated dispersion patterns, to determine if the threatened species had
a more patchy distribution. We used annual growth rings laid down in the shell to estimate
the growth rate, approximate age at maturity, and life cycle length and compared these
traits to the related Potamilus purpuratus (Bluefer) and Leptodea fragilis (Fragile Paper Shell).
We also used the growth curves to determine the age distribution of Inflated Heelsplitters in
the Amite River. To determine the relative abundance of its host fish, we electro-fished
sections of the Amite River where Inflated Heelsplitters are found. We also used these data
to see if there is any clear correlation between the abundance of common unionids in the
Amite River and the abundance of their known host fish.


METHODS


HABITAT DESCRIPTION


The Amite River flows south from headwaters near Jackson, Mississippi into Louisiana, where
it drains into Lake Maurepas. It is a warm water, low gradient coastal stream formed by glacial
melting in the Cretaceous (Felley, 1992). The upper reaches in Louisiana are characterized by
faster flows with sand or gravel substrata, while the lower reaches closer to Lake Maurepas are
meandering, bayou-like rivers with slower flow, silt sediments overlaying sand, and extensive
riparian wetlands. The wet season, with 69% of the annual discharge, occurs in Winter and
Spring, and Summer and Fall are lower discharge periods, although urbanization of the
watershed near Baton Rouge has increased discharges by 55% during the last 40 y (Xu and Wu,
2006; Wu and Xu, 2007). Temperatures average 20 C and vary from a low of 12 to a high of 32 C,
with dissolved oxygen concentrations seldom below 70% saturation. The pH averages 6.2,
conductivity ranges from 180–220 mScm21, hardness averages 13 mgl21, and turbidity is
approximately 50 JTU (Felley, 1992). The central region of the watershed in Louisiana,
roughly from the Louisiana Highway 10 bridge to Spiller’s Creek, has undergone extensive
gravel mining, beginning in the 1950s and peaking in the 1980s (Mossa and McClean, 1997).


QUANTITATIVE SAMPLING


To estimate the density and dispersion patterns of Inflated Heelsplitters and other
unionid mussels in the Amite River, we used quantitative quadrat sampling modified after
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Strayer and Smith (2003). Thirteen sites (from 30u3490.190N, 90u58927.60W to 30u20953.20N,
90u54902.50W) were selected along the stretch of the Amite River known to contain Inflated
Heelsplitters (Brown and Curole, 1997; Brown et al., 2010) and were sampled during May–
Aug., 2011. Sampling sites were selected to be 1–2 km apart to be independent, and an
effort was made to select all major habitat types (sand bars, protected littoral areas with silt
sediments, muddy banks, etc.). At each site, we selected five random starting points in the
littoral zone of the river. Shallow littoral areas (e.g., less than 2 m depth) were chosen
because mussel densities are higher in these more protected habitats than in the main
thalweg (Brown and Curole, 1997; Brown and Banks, 2001). At each of five starting points,
we laid out a transect parallel to the shoreline that was 10 m long and 1 m wide. The transect
was marked on either side with PVC poles every meter with a chain stretched on the
substrate between the poles. This allowed divers with SCUBA gear to remain within the
transect. One diver removed all adult mussels along the whole transect and identified them.
A second diver used a Keene Inc. powered suction dredge to excavate every other square
meter for juvenile mussels, down to a depth of 15 cm. All mussels were pooled over the
whole transect (the sampling unit) and total mussel densities were converted to a square
meter basis. We compared mussel densities among unionid species using a one-way analysis
of variance (SAS Inc., 2005), with Tukey’s a posteriori tests used to compare individual
densities among species. We estimated dispersion patterns of each species using Morisita’s
index. Values of Morisita’s index greater than one indicate an aggregated dispersion, as
assessed by an F statistic (Poole, 1974).


MUSSEL GROWTH AND AGE DISTRIBUTIONS


We used a slow speed, diamond bladed saw to section mussel shells to determine mussel
ages by counting annuli on fresh dead shell (Neves and Moyer, 1988; Haag and Commens-
Carson, 2008). Haag and Commens-Carson (2008) and Rypel et al. (2008) presented
convincing evidence that mussels lay down annual growth lines. Mussel shells were first
sectioned through the umbo and epoxied to a microscope slide or plexiglass plate,
depending on size. The shell was then re- sectioned to provide a thin section and was sanded
with fine sand paper (320–1500 grit), and then annuli were counted under a dissection
microscope by two different technicians and averaged to estimate age. We were careful to
use only specimens with intact, unweathered umbos so the first growth line would represent
an age of 1 y.


We used the von Bertalanffy growth function (VBGF),


L tð Þ~L? 1{e{K t{t0ð Þ
� �


,


to model the length to age relationship of the mussels (Haag and Rypel, 2011). The
variables are t (time, year of age), t0 (t zero, x-axis intercept) the hypothetical age at zero
length, L‘ (L infinity), the maximum length reached, and K, a growth rate constant with
units of reciprocal time (e.g., year21). Age at maturity was estimated both from the point
where a 45u tangent intersected the fit curve, because growth in unionids is rapid prior to
sexual maturity and decreases abruptly thereafter (McMahon and Bogan, 2001; Haag and
Rypel, 2011), and by the empirical relationship between age at maturity and growth rate
constant (K) from the von Bertalanffy growth function,


a~0:69K{1:03


as determined by Haag (2012). In almost all cases (see results), both methods gave similar
estimates. The VBGF curve’s t0 is hypothetical, and the age at a shell length of zero can be
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negative (Haag and Rypel, 2011) which is biologically unreasonable. We therefore set t0 to
zero to force the estimated growth curve to pass through the origin.


The resulting growth curves are presented for Inflated Heelsplitters (n 5 76) and the
related Bluefers (n 5 71) and Fragile Paper Shells (n 5 68). In P. purpuratus obvious sexual
dimorphism occurs in shell shape, and we were able to construct an age curve for both
males and females, since females have a truncated posterior portion of the shell because of
brooding glochidia. However, neither Inflated Heelsplitters nor Fragile Paper Shells have
shell morphologies that are obviously sexually dimorphic.


Fish assemblage sampling.—To determine the relative abundance of the Freshwater Drum,
we divided the range of the Inflated Heelsplitter in the Amite River into an upper, middle,
and lower stretch and electro-fished each section in Spring, Summer, and Fall 2011, since
the Inflated Heelsplitter is a long term brooder. Each site was electro-fished with a DC
electrofishing boat, sampling a 700 m to 1 km stretch on each side of the river, as well as
thalweg stretches, for 1200–1600s (Perret et al., 2010). Three sites were sampled in the
upper section and five each in the middle and lower section at each date. All fish were
identified and returned to the river. Data for all 2419 fishes collected, at all three sampling
dates and sites, were pooled and an importance curve generated for all fishes. To assess the
relationship between the abundance of potential host fish and mussel abundance, we first
calculated an average importance value for all fish hosts for each mussel species that had
been verified by laboratory exposure experiments. Data on host fish use were taken from
Williams et al. (2008) and Watters (2009) http://www.biosci.ohio-state.edu/,molluscs/
OSUM2/terms_hosts2.html and references therein. We then regressed average mussel
density from our samples against these values. To be conservative, we only included fish
hosts that were validated as producing large numbers of metamorphosed juvenile mussels in
the laboratory trials and not just listed as hosts from anecdotal occurrence of glochidia on
fish in the field.


RESULTS


DENSITY


Inflated Heelsplitters have a small range in the Amite River, stretching from the
confluence of Spiller’s Creek to Port Vincent on the Amite River (Fig. 1). The size of the
circles indicates the total number of Inflated Heelsplitters collected at a site in 2007 (Brown
et al., 2010) and in this study. Sites without Inflated Heelsplitters are also noted. Inflated
Heelsplitter abundance is greater in the lower part of its range, where disturbances from
gravel mining or urbanization are less pronounced (see Fig. 1 inset and Brown et al., 2010).
The density of Inflated Heelsplitters was intermediate when compared to the other species
(see a posteriori ranges in Table 1). Quadrula refulgens, Plectomerus dombeyanus, and Potamilus
purpuratus were fairly abundant with densities above 0.25 per m2; and P. inflatus belonged to
a large group of species with intermediate densities ranging from 0.234 to 0.05 m22. Most of
the abundant species, and species with intermediate abundances, had values of Morisita’s
index indicating aggregated dispersions (Table 1), including P. inflatus, and the dispersion
pattern of P. purpuratus was fairly similar to its congener. In the case of the Inflated
Heelsplitter, the samples with the five highest densities all came from one site, a shallow
sand riffle protected by some large snags that mediated current flow.


LIFE HISTORY


Potamilus inflatus matured after 1 y (both methods) and lived to be 7 to 8 y of age
(Fig. 2A). Of the three species, it had the largest growth constant, K, of 0.69 and reached an
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asymptotic size of 113 mm shell length. Leptodea fragilis had a very similar life history
(Fig. 2B), maturing at 1.5 y of age (both methods), dying after an age of 6 y and reaching an
asymptotic size of 134 mm. Potamilus purpuratus had the most divergent life history of the
three related species, with the lowest growth (K 5 0.257 for males and 0.456 for females),
latest maturity [3 y for males (both methods) and 1.6 y for females, based on Haag (2012)]
and largest asymptotic size, 204 mm shell length, after a life span of 30 y. Sexual dimorphism
was fairly clear in P. purpuratus (Fig. 3) with males reaching larger sizes than females. Using
the growth curve for Inflated Heelsplitters, we converted shell length histograms to estimate
the age distribution (Fig. 4). Young recently mature Inflated Heelsplitters were quite
common, suggesting the mussel is recruiting fairly well.


FIG. 1.—The range of the Inflated Heelsplitter, Potamilus inflatus, in the Amite River in Louisiana. Size
of circles reflects numbers of Inflated Heelsplitters collected during 90 min of qualitative sampling
(2007) or quantitative sampling (2011). Sites marked x had no Inflated Heelsplitters. Inset shows area
covered by residential development. Gravel mining disturbances stop at Spiller’s creek
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TABLE 1.—Densities of unionid mussels in the Amite River, from most to least abundant. Tukey’s
ranges are from a log-transformed one way ANOVA of densities


Species Density/M2 Tukey’s range Id
1 F2


Quadrula refulgens 0.680 A 11.75 11.5**
Plectomerus dombeyanus 0.296 B 3.78 16.0**
Potamilus purpuratus 0.250 BC 4.33 9.25**
Lampsilis teres 0.234 BCD 6.91 14.7**
Amblema plicata 0.181 BCDE 6.49 10.8**
Potamilus inflatus 0.110 BCDE 8.16 8.8**
Obliquaria reflexa 0.092 BCDE 4.16 3.8*
Glebula rotundata 0.082 BCDE 10.23 8.4**
Lampsilis claibornensis 0.048 CDE 2.76 1.79
Leptodea fragilis 0.043 DE 8.23 3.96*
Villosa lienosa 0.035 DE 4.27 2.1
Quadrula nobilis 0.029 DE 11.2 3.7*
Pyganodon grandis 0.027 DE 4.27 1.8
Lampsilis ornata 0.011 E 0.00 0.9
Quadrula verrucosa 0.005 E 18.67 1.6


1 Morisita’s index
2 F test of significance of Morisita’s index. One asterisk indicates P , 0.05, two P , 0.01


FIG. 2.—Shell length vs. age curves for the Inflated Heelpsitter (A), and its close relative, the Fragile
Paper Shell Leptodea fragilis (B). Equations are from a fit of a Von Bertalanffy function to the data


2014 BROWN & DANIEL: POPULATION ECOLOGY OF A THREATENED MUSSEL 333







Fish host.—The fish assemblage in the Amite River contains at least 44 species (Table 2),
and Freshwater Drums were intermediate in abundance (the 17th most abundant species).
They were not sampled in the upper part of the Inflated Heelsplitter range but were
sampled in the mid and lower sections of the Amite River. There was no clear relationship
between mussel density and the average importance value for the known fish hosts for that
mussel (F 5 1.6, P 5 0.24, Fig. 5).


DISCUSSION


The Inflated Heelsplitter, Potamilus inflatus, has densities and a distribution similar to
most unionid mussels in the Amite River and a clumped dispersion pattern common in
unionids (Vaughn, 1997). However, it does have an extremely small range, approximately
20 km north and south of the Interstate Highway 10 bridge over the Amite River. Small


FIG. 3.—Shell length vs. age curves for the Bluefer, Potamilus purpuratus. Sexual dimorphism in growth
between larger males and smaller females occurs in P. purpuratus. Individuals less than 3–4 y of age are
juveniles. Growth curves are also plotted for both sexes


FIG. 4.—The age distribution of the Inflated Heelsplitter, Potamilus inflatus, in the Amite River. Size
distributions were converted to an age distribution with the model in Fig. 2. Individuals labeled as ‘‘0’’
were less than 1 y of age
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TABLE 2.—Relative importance values for the fish assemblage of sections of the Amite River inhabited
by the Inflated Heelsplitter. Mussels considered from the literature to use the fish as a glochidial host
are also indicated


Fish species Relative importance Mussels potentially hosted


Cyprinella venustus 1.000
Mugil cephalus 0.907
Dorosoma cepedianum 0.687 P. grandis
Lepomis megalotis 0.592 V. lienosa, P. grandis,
Lepomis macrochirus 0.575 A. plicata, G. rotundata, L. claibornensis, V. lienosa,


Q. nobilis, P. grandis
Micropterus salmoides 0.367 A. plicata, L. claibornensis, V. lienosa, Q. nobilis,


P. grandis, L. ornata
Lepomis microlophus 0.162
Micropterus puctulatus 0.134
Ictalurus furcatus 0.125
Dorosoma petenense 0.078
Lepisosteus oculatus 0.071 G. rotundata
Lepisosteus osseus 0.065 L. teres
Ictiobus bubalus 0.048
Labidesthes sicculus 0.043 P. grandis
Ictiobus cyprinellus 0.041
Moxostoma poecilurum 0.041
Aplodinotus grunniens 0.032 P. purpuratus, A. plicata, P. inflatus, L. fragilis, P. grandis,
Fundulus olivaceus 0.032
Ictalurus punctatus 0.030 A. plicata, V. lienosa, Q. nobilis,
Pomoxis nigromaculatus 0.030 A. plicata, Q. nobilis, P. grandis
Pomoxis annularis 0.024 A. plicata, Q. nobilis, P. grandis
Pylodictis olivaris 0.019 Q. refulgens, A. plicata, Q. nobilis
Notropis atherinoides 0.019 A. plicata
Lepomis humilis 0.015 V. lienosa, P. grandis
Carpiodes carpio 0.013 P. grandis
Lepomis gulosus 0.006 A. plicata, P. grandis
Notemigonus crysoleucas 0.006 P. grandis
Trinectes maculatus 0.006 G. rotundata
Minytrema melanops 0.006
Morone chrysops 0.004 A. plicata, G. rotundata, P. grandis
Lepomis cyanellus 0.004 A. plicata, G. rotundata, V. lienosa, Q. nobilis, P. grandis
Lepomis gibbosus 0.004
Gambusia affinis 0.004 L. claibornensis
Pimephales vigilax 0.004
Anguilla rostrata 0.002
Ictiobus sp. 0.002
Ameiurus natalis 0.002 Q. nobilis, P. grandis
Ichthyomyzon sp. 0.002
Strongylura marina 0.002
Percina caprodes 0.002
Aphredoderus sayanus 0.002
Cyprinus carpio 0.0021
Morone mississippiensis 0.0021
Opsopoeodus emiliae 0.0021
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ranges are a common characteristic of imperiled species (Gilpin and Soule, 1986). Inflated
Heelsplitters do have what would be termed an ‘‘opportunistic’’ life history in comparison
to many other unionids (Haag, 2012). For example, the average life span of eight other
mussels in the Amite River (Daniel, 2012) is 24 y, with average age at maturity of about 3.6 y
and an average growth constant of 0.162yr. As might be expected with such a life history
(Haag, 2012), the Inflated Heelsplitter age distribution is skewed towards younger
individuals with one year olds quite common. Inflated Heelsplitters had the highest growth
constant of the three species and a short life span. An inverse relationship was also reported
between growth and life cycle length for unionids, as a group by Haag and Rypel (2011),
possibly due to a negative tradeoff between energy available for early growth and longevity.


Life history variation can be arranged along a ‘‘fast to slow’’ continuum with fast species
having relatively early maturity, fast growth, and short life cycles. Species with fast life cycles
are usually considered to have greater mortality rates for adults (Charnov, 1991). Haag and
Rypel (2011) found mussels in the tribes Anodontini and Lampsilini (to which P. inflatus
belongs) to have the shortest life cycles and earliest maturity in unionids, although they also
noted there was considerable variation within the lampsilids. Haag and Rypel (2011) and
Haag (2012) also suggested opportunists had higher reproductive rates than species with
periodic or equilibrium life histories. Vaughn (2012) found, in a long term comparative
study of Oklahoma unionid populations, that mussels with longer brooding periods were
more likely to go extinct; so the extended brooding interval of Inflated Heelsplitters may
put them at risk. The sexual dimorphism in growth seen in P. purpuratus, which may also
occur in P. inflatus (Hartfield and Garner, 1995; Williams et al., 2008) is interesting. Haag
and Rypel (2011) also found the same sexual dimorphism (males growing faster) in
Mississippi populations of Bluefers. Although slower growth rates in females may simply be
due to higher costs of producing and brooding glochidia, smaller females might also be
more easily consumed by molluscivorous Freshwater Drum, possibly suggesting an unusual
‘‘suicidal’’ glochidial dispersal strategy (Haag, 2012).


As predicted by Vaughn (2012), the relatively low density of the host fish, the Freshwater
Drum, may explain why Inflated Heelsplitters are at risk; although Potamilus purpuratus
shares the same fish host and is one of the most common mussels in the river. There are no
impoundments in the lower Amite River as it flows through Louisiana to interrupt fish
movement, but Freshwater Drum were still not found in the upper part of the Inflated
Heelsplitter’s range, although drum do move large distances (see Vaughn, 2012). There


FIG. 5.—The relationship between host fish relative importance (increasing on the x axis) and mussel
density. Host fish were determined from Williams et al. (2008) and other sources
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appeared to be little obvious relationship on the whole between the average importance value
of fish hosts and the density of the mussel species sampled here. However, as Haag (2012)
points out, correlating mussel and host fish distributions or abundances can be problematic;
since not all host fish have been determined, surveys of fish abundance can be biased
(especially in the case of Freshwater Drum that are often found in deeper harder to sample
pools) and both mussel and host fish distributions may have been altered anthropomorphi-
cally. However, the data suggest at least there is no strong easily observed positive relationship
between mussel and host fish abundance. Other potential factors that may be important in
limiting the distribution of Inflated Heelsplitters include gravel mining, which destabilizes the
channel and increases chances that mussels will be stranded by low water (Hartfield, 1993)
reducing the abundances of Inflated Heelsplitters and other unionids in the upper portion of
the Amite River in Louisiana (Brown and Curole, 1997). Urbanization of the watershed in the
lower portion of the Amite River has also increased the frequency and magnitude of flooding
events in the Amite River (Xu and Wu, 2006), and Inflated Heelsplitter abundance was found
to be negatively correlated with human alteration of the riparian zone (Brown et al., 2010).


In summary, this endangered mussel does have a small range in the Amite River but has
densities within that range similar to most other unionids and a similar dispersion pattern.
Inflated Heelsplitters have, as predicted (Haag, 2012), an opportunistic life history strategy
with more rapid growth, earlier maturity, and shorter life cycles than most of the other
unionids, which Haag (2012) considered an adaptive set of traits for dealing with frequent
disturbances and rebounding from small population sizes. Its relatively rare host fish may
limit the distribution of the mussel, although channel alteration from upstream gravel
mining or high shear stresses during spates common in urbanized stretches of the river may
also be important. Conservation of this species in Louisiana may therefore require more
attention to conserving surrounding riparian woodlands (Brown et al., 2010).
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Thanks for sending this Monica. I’m sorry to hear you’re moving on, but I look forward to working
with Brigette and Amy moving forward.
Back in May, we were discussing the possible impacts of low DO on host fish species to Alabama
heelsplitter glochidia. The abstract to this paper does conclude that DO levels of 4mg/L may not
be adequate for all the species tested, although I’m unaware if these species serve as such hosts. I
have read that freshwater drum are the most likely hosts, hence my original question about the
DO needs for host species. If you come across additional info on this, please let me know! Thanks
so much!
Mike Schaub
Water Quality Standards Program
Water Division
US EPA Region 6-Dallas
214-665-7314
From: Sikes, Monica <monica_sikes@fws.gov> 
Sent: Wednesday, November 6, 2019 2:01 PM
To: Schaub, Mike <Schaub.Mike@epa.gov>
Cc: Brigette Firmin <brigette_firmin@fws.gov>; Trahan, Amy <amy_trahan@fws.gov>
Subject: Re: [EXTERNAL] heelsplitter study by Powell
Mike, I do not have a hard copy of the thesis. I scanned the digital drives for it but haven't had luck
yet. I can email Jeff Powell and ask about it if this is what you were thinking of. Just let me know.
Thanks!
-----------------------------------------
Monica Sikes
Fish and Wildlife Biologist
U.S. Fish & Wildlife Service
Louisiana Ecological Services
Mississippi-Basin Region
200 Dulles Drive
Lafayette, LA 70506
337-291-3118 (office)
337-291-3139 (fax)
https://www.fws.gov/southeast/lafayette
NOTE: This email correspondence and any attachments to and from the sender are subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.
"I have not failed. I have just found 10,000 things that do not work." Thomas Edison

On Wed, Nov 6, 2019 at 1:58 PM Sikes, Monica <monica_sikes@fws.gov> wrote:

https://www.sciencebase.gov/catalog/item/57e2b6bde4b090825004599f
I wonder if I was citing this summary at the above link. I can't find a hardcopy, but it looks like
this research was accomplished through an SSP proposal that resulted in a thesis. Brigette
Firmin is copied here for an FYI because I'm not sure if you two have had an opportunity to
meet. Brigette has replace me as the ESA Section 7 team lead and will assume the roles I
previously had. After you take a look, see if you think this was what you are thinking of....ugh
my memory...... I've copied Amy too in case she remembers more. She will still be working on
the Section 7 consultation team with Brigette. Anyway, I hope this helps! 
-----------------------------------------
Monica Sikes
Fish and Wildlife Biologist

mailto:monica_sikes@fws.gov
mailto:Schaub.Mike@epa.gov
mailto:brigette_firmin@fws.gov
mailto:amy_trahan@fws.gov
https://www.fws.gov/southeast/lafayette
mailto:monica_sikes@fws.gov
https://www.sciencebase.gov/catalog/item/57e2b6bde4b090825004599f


U.S. Fish & Wildlife Service
Louisiana Ecological Services
Mississippi-Basin Region
200 Dulles Drive
Lafayette, LA 70506
337-291-3118 (office)
337-291-3139 (fax)
https://www.fws.gov/southeast/lafayette
NOTE: This email correspondence and any attachments to and from the sender are subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.
"I have not failed. I have just found 10,000 things that do not work." Thomas Edison

On Tue, Nov 5, 2019 at 9:39 AM Schaub, Mike <Schaub.Mike@epa.gov> wrote:

Hi Monica,
I hope this email finds you well. Back in May, we had a conference call with you and Amy
Trahan regarding DO criteria in the eastern LMRAP ecoregion. One thing you mentioned at
that time was a study by Jeff Powell that made the following conclusions (based on our notes
from the call):

Alabama study (Jeff Powell) indicated that DO levels below 4mg/L may not be
adequate for fish species that serve as hosts for molluscan larvae (glochidia).
Host species impacts may affect ability of glochidia to attach/drop off in
favorable habitat or at favorable times (due to fish avoidance of low DO areas).

Would you happen to have the study by Jeff Powell that indicated these findings?
Many thanks!
Mike Schaub
Water Quality Standards Program
Water Division
US EPA Region 6-Dallas
214-665-7314

https://www.fws.gov/southeast/lafayette
mailto:Schaub.Mike@epa.gov

